Abstract. The purpose of this study was to assess the possibility of prognosis of oral squamous cell carcinoma by microsatellite blood assay. Altered microsatellite DNA in the blood of cancer patients may provide a novel method for tumor detection. DNA from normal and tumor tissues and serum obtained at two time-points (preoperatively and postoperatively) in 20 patients with oral squamous cell carcinoma was examined at 9 microsatellite loci on chromosomes 2, 3, and 21 by polymerase chain reaction (PCR)-based analysis of loss of heterozygosity (LOH). Eighteen patients (90%) showed microsatellite alterations in serum DNA identical to those in the corresponding tumor DNA. Among those showing allelic imbalance preoperatively (18 patients, 90%), 8 patients (44%) showed no evidence of allelic imbalance in serum postoperatively, and these showed no recurrence or distant metastasis. In 10 patients, allelic imbalance was detected postoperatively in serum. Seven (70%) out of these 10 patients showed an allelic imbalance at both time-points (preoperatively and postoperatively), and these patients had a poor prognosis. In conclusion, this study suggests that blood testing for circulating tumor genetic markers may provide valuable prognostic information and a guide for future therapy.
Introduction
Squamous cell carcinoma (SCC) is the most common malignant tumor of the oral cavity. To date in this department, microsatellite analysis has been done in primary oral SCCs (1) (2) (3) (4) . However, as yet, no useful gene marker has been identified for the prognosis or determination of degree of malignancy of this disease. Oral squamous cell carcinoma is likely to metastasize to other organs, so the early detection of metastases is crucial.
Carcinogenesis is believed to occur due to the cumulative effect of abnormalities in oncogenes and tumor suppressor genes occurring as a result of erroneous DNA repair (5) . Many studies have examined the feasibility of obtaining a diagnosis of cancer based on genetic mutation, for which it is necessary to obtain sample tissue, either during surgical resection or by means of biopsy (6, 7) . Serum from cancer patients, however, offers a less invasive and easy-to-use diagnostic tool (8) . A holy grail for many clinical investigators has been the development of a blood test for cancer control.
Allelic imbalances on particular chromosomes, indicating the absence of tumor suppressor genes, have been detected as a loss of heterozygosity (LOH) or microsatellite instability (MSI) (6, 7) in serum DNA from patients with a variety of malignant tumors, including non-small cell carcinoma of the lung, renal cell carcinoma, and carcinomas at other sites (9) (10) (11) (12) (13) . Recently, Nawroz et al identified allelic imbalances in oral SCC patient serum using allelotype analysis (8, 14) , and demonstrated that structural abnormalities in tumorous DNA might provide important prognostic information.
We hypothesized that circulating tumor DNA in blood was a metastasis-predictive factor. The purpose of this study was to determine the feasibility of obtaining a prognosis of oral squamous cell carcinoma by microsatellite blood assay.
Materials and methods
Tissue samples. Twenty patients (11 men and 9 women; mean age, 62.4 years; range, 33-80 years) who underwent primary oral SCC resection at the Department of Oral and Maxillo-facial Surgery in Tokyo Dental College between 2004 and 2006 were selected to participate in the present study (Table I) . Informed consent was obtained from all patients, and our protocol was reviewed and approved by the institutional review board of Tokyo Dental College.
Histopathological diagnosis of each malignant tissue was performed according to the World Health Organization criteria (15) . Clinicopathologic staging was determined according to the TNM classification of the International Union against Cancer (16) . Half the patients received no chemotherapy, while the other half received an average of 30 mg peplomycin preoperatively. In addition, no radiotherapy was given preoperatively or postoperatively in any of the cases. None of the patients showed distant metastasis at the initiation of the study. No patients underwent blood transfusion. 
M, male; F, female; T, primary tumor; N, the regional lymph nodes metastasis, lymph node metastasis (postoperatively); a respiratory insufficiency; b multiple organ dysfunction.
-
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DNA extraction and microsatellite analysis. Peripheral 2 ml blood samples were obtained preoperatively and at one month postoperatively. Blood samples were centrifuged in EDTA for 10 min at 3,000 g to obtain serum from the supernatant immediately. Individual primary oral SCC samples and corresponding normal tissues were obtained from 20 patients at surgical resection. Tumor samples were trimmed to remove normal fibrous tissue, and part of each was frozen and stored at -80˚C for DNA extraction. Normal tissue from each patient was used to obtain control DNA. DNA was extracted from tissue and serum using the QIAamp ® Blood and Tissue Kit (Qiagen Inc., Hilden, Germany) according to the manufacturer's instructions. Extracted DNA was eluted in 100 μl sterile water and stored at -80˚C until analysis.
Nine microsatellite markers (D2S1327, D2S206, D3S1007, D3S1079, D3S966, D21S236, D21S11, D21S1254, and D21S369) recently reported to be frequent loci showing allelic imbalances in primary oral SCCs were investigated for allelic imbalance (Table II) (17) . After dilution with an adequate volume of formamidedye mixture (95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol), the PCR products were heat-denatured (94˚C, 5 min), chilled on ice, and electrophoresed on 6% urea-formamide-polyacrylamide gel at 3 W for 2-3 h, depending on fragment size. Silver staining of the gels was performed using the DNA Silver Staining Kit (GE Healthcare UK Ltd., Buckinghamshire, UK).
The normal pattern at each microsatellite in each individual was defined as the pattern in each corresponding normal tissue. Using National Institute of Health (NIH) analysis software (Image version 1.62, Dr W. Rasband, NIH, Bethesda, MD, USA), LOH was assessed by scanning densitometry and diagnosed where signal intensity in tumor DNA was less than that in normal DNA from the same patient. A reduction in signal intensity of >50% in a tumor sample compared with that in a normal counterpart was required as the criterion for the presence of LOH. MSI in the DNA samples was assessed as positive in those cases where additional bands in the tumor sample were not observable in the corresponding normal samples, and in those cases which showed a band shift in the tumor sample that contrasted with the pattern of the corresponding normal bands. Heterozygosity is indicated as INF, homozygosity as NI and not-amplified as NA. PCR examinations were performed 3 times to confirm allelic imbalance in each patient. Prognosis was defined as recurrence, metastasis or death, and a prospective >1-year follow-up was scheduled to commence following surgery. The relationship between allelic imbalance and prognosis was investigated.
Statistical analysis. Significant differences were calculated by Fisher's exact test. One-tailed P-values <0.05 were considered statistically significant.
Results
Microsatellite analysis. Forty serum samples were collected from 20 subjects at two time-points (preoperatively and postoperatively). Genomic DNA from 20 pairs of tumor and normal samples were extracted. Overall, 80 DNA samples (40 serum samples and 40 tissue samples) were evaluated by microsatellite analysis.
Deletion mapping of chromosomes 2, 3 and 21 in 20 patients with oral SCC is summarized in Fig. 1 . Sporadic allelic imbalances in DNA from tumor tissues were observed in 18 of the patients (90%) on at least one or more loci examined. At least one allelic imbalance was also detected in the serum DNA in all of the same 18 patients (100%). A high frequency of allelic imbalance was observed at D2S1327 (on 2q32-35) in tumor tissue in 6 patients (30%), at D2S1327 (on 2q32-35) in preoperative serum in 6 patients (30%), and at D2S1327 (on 2q32-35) in postoperative serum in 8 patients (40%). Typical examples of LOH are shown in Fig. 2 . No significant correlation between allelic imbalance and clinical status was noted. Because NA cannot be carried out by PCR, and there was only a small quantity of DNA.
All most patients with an allelic imbalance in tumor DNA also had the same imbalance in serum DNA, suggesting that detection of an allelic imbalance in serum DNA indicates the presence of a tumor (Fig. 1) .
Circulating tumor DNA was detected preoperatively in 18 patients (90%) and postoperatively in 10 patients (50%). Among the patients showing an allelic imbalance preoperatively (18 patients, 90%), 8 patients (44%) showed no evidence of allelic imbalance in serum postoperatively, and these showed no recurrence or distant metastasis. Allelic imbalance was detected postoperatively in 10 patients. Seven out of these 10 patients (70%) showed allelic imbalance at both time-points on same locus (preoperatively and postoperatively), and these patients had a poor prognosis.
The most commonly detected region harboring an allelic imbalance in tumor tissue samples and both pre-and postoperative blood samples was at the D2S1327 locus on 2q32-35, where CASP8, CASP10, ADAM23, BARD1, SMARCAL1 and XRCC5, all tumor suppressor genes (TSGs), are in close proximity (18) .
Discussion
In this study, we detected circulating tumor DNA in patients with oral SCC by microsatellite analysis. The results showed that these alterations in serum DNA were almost (90%) identical with tumor DNA alterations. In this study, circulating tumor DNA in the serum of patients with oral SCC has been shown to reflect the genomics of tumor DNA. The use of microsatellite polymorphic markers to identify and characterize circulating tumor DNA in oral SCC patients was first reported by Nawroz et al (14) . Later, a similar study on oral SCC patients was published (19) . A few reports have recently suggested that circulating tumor DNA may offer a tool for early diagnosis and prognosis in various site cancers (12, (20) (21) (22) (23) . For example, Hamana et al found that the most frequent marker with allelic imbalance was the IFNA locus at 9p21, where p16 and p15 tumor suppressor genes frequently mutated, deleted, and methylated in various types of human cancer are in close proximity (19) .
In this study, we found in new locus at circulating tumor DNA that microsatellite alterations in serum DNA were predictive of recurrence, metastasis and death. Serum DNA in oral SCC may contribute to the earlier detection of recurrence and metastasis. Although the positive microsatellite serum test was not a statistically significant predictor of prognosis, we believe that it may have an important role to play clinically. However, in further research, we need to increase the number of cases investigated to clarify this point and histopathological grading.
All 7 patients with a poor prognosis showed allelic imbalance not only in tumor DNA, but also in serum, and at both time-points. It is important to note in conducting a follow-up that LOH was positive postoperatively, but negative pre-operatively. This implies that allelic imbalance might not be detected in preoperative serum by preoperative chemo-therapies. In other words, postoperative allelic imbalance may indicate metastasis to another organ. This study was only carried out for a 1-month period postoperatively, this study will be need to incorporate longterm serial observation. In several examples, we analyzed serum DNA postoperatively for 3 months and it showed the same results as for 1-month postoperatively.
The most frequently found allelic imbalances in tumor DNA and pre-and postoperative serum DNA were at the D2S1327 locus on 2q32-35, where CASP8, CASP, ADAM23, BARD1, SMARCAL1, and XRCC5 tumor suppressor genes are in close proximity (18) . The functions of these genes include cell apoptosis and cell growth (24) (25) (26) (27) (28) (29) . Functional studies should be done to clarify the role of these candidate TSGs in oral carcinogenesis. Allelic imbalances at the D2S1327 locus on 2q32-35 were mostly (5/7, 71%) observed at both time-points (preoperatively and postoperatively) in poor prognosis oral SCCs suggesting that this chromosomal abnormality is associated with inactivation of several tumor suppressor genes, and may contribute to the progression of the disease. In eight other microsatellite markers, frequency of allelic imbalance is low, we need to increase the number of cases investigated to clarify relation with prognosis.
In conclusion, the results of this study suggest that microsatellite analysis at two time-points offers a predictive tool in assessing risk of recurrence, metastasis and death. The establishment of a prognostic method based on detection of allelic imbalance in circulating tumor DNA would offer an accurate and minimally invasive technique that could be used in clinical screening for cancer.
